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Description 



NORBORNENE DICARBOXIMIDE POLYMERS 



BACKGROUND 



Disclosed iierein are inventions relating to liigh temperature-resistant ttiermoplastio polymers of 
norbomene dicarboximides and to methods of mal<ing and using such polymers. More particular aspects 

10 include Inventions relating to polymers of N-phenyl norbomene dicarboximide. ^ -« ^ 

High temperature resistance. e.g. as measured by heat distortion temperature and glass transibon 
temperature (To), is provided m several existing polymer systems, e.g. the polyether irnides and the 
Dolyamide-imides. In addition to high strength and high modulus, a desirable characteristic of such polymer 
systems includes processabOity like more conventional lower temperature thermoplastic polymers. 

IS McKeon et al. in U.S. Patent 3.330.815 disclose the vinyl-type addition polymerization of a vane^ of 
norbomene derivatives, including carboximides. to provide polymere free of unsaturatfon in the chain. Such 
polymerization is can-ied out with noble metal catalyst, i.e. palladium compounds. 

Reding et al in U.S. Patent 3.494.897 disclose the vinyl-type addition polymerization including 
copolymerizatfon with alkenes. of a variety of norbomene derivatives to provide polymers of saturated chains. 

20 Such polymerization of copolymers of norbomene derivatives including dicartsoximides (see for instance 
Examples 24 and 25) is canied out in the presence of a free-radical catalyst, e.g. a peroxide. 

See also French Brevet d'invention 1.594.934 which discloses polymerization of nortjornene dicarboximides 
with noble metal catalyst, e.g. ruthenium compounds. Analyses reported by Michelotti et al. m Journal of 
Polv mer Science 3 (1965) pp 895-905 suggest that mthenium catalysts may effect polynwrcation to some 

2S extent through a bicydic double bond wrthout ring opening (see MIchelotH et al. at p. 90Z). 

^uoh nSmetal-Ltalyzed imide polymers as reported in Brevet 1.594.934 have somevirhat low glass 
transition temperatures (Tg). See. for instance. Example 2 which reports ttw preparation of a Po^^ o^ 
N-methyl norbomene dicartsoxlmide having a Tg of 185°C. See also Example 14 which reports the preparahon 
o^rjSJnir of N-phenyl nort>omene dicartoximide having a Tg of 162" C. In this regard see me Comparative 

30 example, herein, which Indicates that the substantially no polymerization results from the expenrnental 
procedure reported m Brevet 1594.934. that the recovered material is substantially monomer, and that the 
reported Tg corresponds to a melting point ■ »• ^« „«rf,«™o«a 

Kurosawra et al.. in U.S. Patent 3.959.234 disclose the ring-opening polymenzaton of norborrrene 
dicarboximides with a catalyst system comprising organic aluminum compounds and ;""9sten and/or 

35 molybdenum compounds. However, multiple polymerization mechanisms may have been "woV^d pertaps 
due to contaminated catalyst since the tungsten-catalyzed polymere of tt« «»«^«Ig.«^P'«? ^« J^^^^^ 
having Tg's similar to the noble metal-catalyzed polymers reported in Brevet 1.S94.^. " *f J" ™ 
U5. Patent poly (N-methyl nortjomene dicarijoximide) is reported to have a Tg of 189-C: in the Brevet aTg<rf 
18S-C Is reported. Similariy. in the U.S. Patent poly (N-phenyl nortxjmene dicarboximide) Is reported to have a 

40 Tg Of 166"C: In the Brevet the Tg is 162''C. ^.^ ■ u <>t..rith 

Otherattemptsatthe metathesis ring-opening polymerfeation of nortomene ^^'i'^J^^^^^^'^ 
apparently limited success, me^onoo «^ M«te..motB et al. at ACS Symposium SenesS9 (19y).Pf91^; 
who report poor polymer yield (i.e. about 8 percent) In attempts to polymenze monomers of "O'^ornf "f 
dicartDoximlde and N-propyl norbomene dicarboximide. The preparatton of monomere by Matsumoto et al. 

45 sJSsis tt«t endo stSreSisomers of the dicarboximides were used. Related woric by Matsumo o 's found m 
U S Patent 4.039.491. e.g. in Example 20. where low molecular weight polymers of N-propyl norbomene 
dicartjoximide were apparently obtained especially since polymerization was carried out in the presence ot 
1-hexene. a molecular weight limiting material 

SO 

SUMMARY OF THE INVENTION 

By this invention I have provided high temperature-resistant polymers of N-phenyl nortjornene 
55 dicarboximides of sufficiently high molecular weight as to exhibit desirable properties of high strength arwl 
modulus and processability whether provided as a homopolymer. a copolymer, a graft copolymer or a Dtena 
The polymere comprising units of nortjomene dicarboximide have surprisingly high Tg.«.g. greater than about 
170°. or higher say at least about 180° or 190°. In many cases the polymers of this invention have Tg greater 

60 Preferred aspects of my invention provide exceptionally high temperature resistant polymers of N-phenyl 
norbomene dicarboximides. e.g. homopolymers and copolymers of the N-phenyl imide exhibiting a Tg -greater 
than about 210''. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 structurally Illustrates the stereolsomeric forms of norbornene dicarboximide monomers. 5 



DETAILED DESCRIPTION OF THE INVENTION 



Throughout this specification, percentages of compositions are by weight and temperatures in degree 
Celsius, unless indicated otherwise. 'Tg* as used herein means the glass transition temperature of a polynrter 
which is determined at the mid-point of the inflection in the glass transition region during differential scanning 
calorimetry at a heating rate of 20°C/min. The Tg of the polynrter is determined by placing a sample of the 
polymer in an aluminum calorimeter pan in a differential scanning calorimeter (e.g. a Perkin-Elmer DSC 4), 15 
preheating to a temperature above the glass transition temperature and rapidly cooling with liquid nltrogei]^ to 
less than 30** C; the Tg is then determined by heating at 20*'C/min. 

I have discovered that polymers of N-phenyl norbomene dicarboximides can be realized with sufficiently 
high molecular weights to allow advantageous physical and mechanical properties as well as thermoplastic 
processabillty by carrying out the metathesis ring opening polymerization of N-phenyl norbomene 20 
dicarboximides of specified stereoisomeric form. 

In the following disclosure of my inventions reference is made to the "endo" and "exo" stareoisomeric forms 
of the norbornene dicarboximide monomers. As used herein, the term "endo" refers to the stereoisomeric 
form of the monomer such as norbornene dicarboximide or norbomene dicarboxylic anhydride in which the 
carbonyi groups are cis with respect to the double bond which is opened during metathesis polymers. As 25 
illustrated in Figure 1, in the endo isonier the carbonyi groups and double bond are both on the same side of 
the surface of the saturated five-membcred ring of the monomer. As used herein, the term 'exo' refers to ,the 
stereoisomeric form of such monomers in which the cart>onyl groups are trans with respect to the double 
bond. Again, as illustrated in Figure 1 , the carbonyi groups and double t)ond are on opposite sides of the 
surface of the saturated five-membered ring of the monomer. 30 

I have discovered that the endo stereoisomer of an N-phenyl norbomene dicarboximide. as apparently used 
in prior art attempts, is difficult to polymerize and forms, at best, low nrK>Iecular weight polyn^ers of limited 
utility. I have further discovered \Y\aX the use of exo stereoisomers of norbomene dicarboximides, e.g. iat least 
about 15 percent exo stereoisomer, allows polymerization to advantageously high molecular weight polymers 
which exhibit exceptionally useful properties. 35 

As used herein the term "inherent viscosity" (IV) is an indication of molecular weight of a polymer defined as 
(In Ts/To)/C. where Ts is the efflux time from an OstwakJ viscometer of a unit volume of a sample of polymer in a 
solvent at concentration "C expressed in units of grams per deciliter (g/dl), and To is the efflux time of a 
similar unit volume of the solvent. For IV reported herein the Ostwald viscometer was selected so that the 
efflux time exceeds 100 seconds. Measurements were typically taken on^ ml samples equilibrated to 26**. 40 
Polymer solutions were conveniently prepared at a corKjentration of 0.5 g/dl. Any suitable solvent can be used. 
For instance, dimethyl sulfoxide has been found surtable for polymers of endo stereoisomers of N-phenyl 
norbomene dicarboximide; and symmetrical tetrachloroethane has been found to be suitable for use with 
polymers of exo stereoisomers. 

Polymers of this invention can J>e illustrated as comprising monomer units of the structural formula 45 




where R is phenyl or substituted phenyl such as chlorphenyt, hydroxyphenyl, tolyl. cyanophenyl and the like. 
The polymers of this invention can comprise homopolymers. or substantially homopolymers, of such 
norbornene dicarboximides. Alternatively, the polymers of this invention can <x)mprise -copolymers of such 60 
norbornene dicarboximides, including copolymers with other norbomene derivative monomers such as 
5-norbornene, norbornene nitrile, norbomene dicarboxylic anhydride and the like, or wHh other 
copolymerizable monomers such as cycloolefins, e.g. cyclopentene, cycloheptene, cyclooctene, tetracyclo- 
dodecene, dicyclopentadlene. etc. Similarly, the polymers of this invention can comprise-btock copolymers or 
graft copolymers of such norbomene dicarboximides. -e.-g. graft-copolymers of norbomene dicartx>ximide on iS5 
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polymeric rubber substrates such as polybutadlene or nitrite rubber. 

The polymers of this invention are provided as thermoplastic polymers of sufficiently high molecular weight 
e a having a number average molecular weight (M„) of at least 6.000. preferably at least 8.000. More preferred 
pi^ymers exhibiting exceptionally high TgS above 220»C can have M„ of 20.000 or higher. In many cases 

5 prefen-ed polymers of this invention vwll exhibit an IV of at least 0.5 or higher, e.g. 0.7 or 1. 

The -polymers of this Invention are obtained by metathesis ring opening polymenzation of N-phenyl 
norbomene dicarboximide monomers of at least about 15 percent exo stereoisomeric form as illustrated in 
Rgure 1 where R is as defined above. In many cases, e.g. where it is desirable to provide polymers of high 
motecular weight, it is advantageous to provide the exo isomeric monomers at higher concentrations, e.g. 25 

10 percent or even higher, say 50 percent. In some cases it is preferred, although not necessary, for the 
norbomene dicarboximide monomers to be present in the exo stereoisomer forni at even higher 
concentrations. e.g. at least 70 percent or even higher, say 80-90 percent It is also useful to employ the 
dicarboximide monomers at substantially 1O0 percent levels of the exo stereoisomenc forni. 
The nortjomene dicarboximide monomers are advantageously derived from monomers of norbomene 

15 dicarboxyllc acids. Such monomers are readily prepared through DIels-Alder reaction of qMopentadiene and 
maleic anhydride by methods that are well knov«i. e.g. as disclosed in U.S. Patent 4.0^954. incorporated 
herein by reference. In this regard. I have discovered that the Diels-Alder reaction product of cyclopentadiene 
and maleic anhydride is substantially the endo stereoisomer. This endo stereoisomer can be converted to a 
predominately exo stereoisomer by heating and recrystallization. e.g. by well-known procedures such as 

20 disclosed by Castner et al. in Journal of Molecular Catalysis IS. (1982) 47-59. For instance, in the <^ of 
norbomene dicarboxyllc anhydride heating at about 198" tor about two hours provides a molten equilibrium 
mixture of about 45 percent endo stereoisomer and about 55 percent exo stereoisomer. Predominately «xo 
stereoisomer of NDA can be recovered by selective crystallization from a solvent such as toluene. Through 
multipte recrystal Gzations substantially high levels of the exo sterewsomer can be recovered, e.g. at least 

25 about 85 percent or higher. . ... „^ 

The dlcart)oximides can be prepared by reacting a primary amine. €.g. aniline, with the nortomene 
dicarboxyllc anhydride providing an amic acid which can be readily imideed. 

The norbomene dicarboximide monomers present at about 15 percent or higher in the exo stereo isorner 
form are readily polymerized in solutions containing ring opening catalysts. A preferred-catalyst compnses the 

30 reaction prodLct of tungsten hexachloride and an acetal, e.g. 1.1-diethc»^ ethane Preferably the 
polymerization reaction solution will also contain as an activator an aluminum alkyi such as diethy^ aluminum 
chloride, triisobutyl aluminum or the like. Higher yields of polymers of higher IV ^^'^^^^^'l^f'^''^^'^^ 
solutions of triisobutylaluminum as the activator. The polymerization reaction solutions should be kept dry and 
Se of contaminants, e.g. oxygen, that may undesirably react with the catalyst and/or actuator solutions 

as The polymers of this invention recovered from such polymerization solutions <an be advantageously 
provided in a desired productform by conventional themioplastto processing. e.g- by injection mowing. 

The following disclosure is provided to illustrate specifte embodiments and aspecte of the polymers of this 
invention but is not intended to imply any limitation of the scope of this inveiition. 
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EXAMPLE 1 



This example illustrates the preparation of predominately exo norboniene d-cartojorf^ f^^J^^"^ SfS.^' 
3 500 g of endo NDA was heated at 198» for two hours. 33 liters of toluene was added to molten NDA to 

provide a solution of NDA in toluene which was allowed to cool under a nitrogen atmosphere resulting in ttie 

precipitation of about 2,200 g of NDA. The NDA crystals were redissolved In three liters of J"? 

resulting solution was cooted under nitrogen producing about 1.200 g of NDA vifhich <»mpnsed about 85 

percent of the exo stereo isomer. 



EXAMPLE 2 



This example sewes to Olustrate the preparation of the substantially «xo N-phenyl norbomene 

'''T^mST'ftboSo g) of exo NDA prepared essentially as indicated in example 1 was-dissolied in 1 ^ liters 
of toluene. 1.4 moles (about 130 g) of aniline was added dropwise to the stirred so'^^o" j^^^^ 'esiitii^ in a 
slurry of the amic acid reaction product. The stiaed slurry of amic acid was maintained 100 forabout one 
hour, then cooled to room temperature and filtered to recover the amic acid. A mixture of about^ g of^ 
amic acid. 43.6 g sodium acetate and 850 mi acetic anhydride was heated at reflux for about 1-1/2 hours, then 
cooled and filtered to recover substantially the exo isomer of NDI (melting point: about 500-202 ). 
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EXAMPUE 3 



This example illustrates the preparation of the substantially endo isomeric form of NO! (endo NDI) and its 
isomerization to exo NDI. 

The procedure of Example 2 was essentially repeated except that the substantially endo stereo isomeric 
form of NDA was utilized to produce the substantially endo NDI (melting point: about 145*'): 

Isomerization was effected by heating endo NDI to about 260**C for about 30 minutes, then cooling to room 
temperature. By adding acetone, residual endo NDI was dissolved and removed by filtratioh. leaving crystals of 
predominately exo NDI. 

EXAMPLE 4 

This example serves to illustrate the polymerization of both stereo isomeric forms of NDI and the differences 
in the polymer based on isomeric forms. 

Into separate reaction vials were placed 3.45 g of exo NDI in 21 ml of dichloroethane and 3.45 g of endo NDI 
in 11 ml of dichloroethane. 0.15 ml of a catalyst solution comprising 0.5M tungsten hexachloride-acetal (mole 
ratio 1 :2) in toluene and 0.22 ml of activator solution comprising 2.05M diethyl aluminum chloride in heptane 
was Injected into each vial being maintained at TO-ZS"*. After about 18 hours about 0.5 ml methanol was 
injected Into each vial to stop the polymerization reaction. The viscous reaction product of poly(exo NDI) was 
diluted with 25 ml methylene chloride, precipitated in methanol and dried in a vacuum oven to yield 3 g of 
poly(exo NDI) exhibiting an intrinsic viscosity of about 1.03 and a Tg of 227**C. The high intrinsic viscosity 
indicates the production of a high molecular weight polymer. The reaction product of endo NDI was 
precipitated in methanol to yield about 0.5 g of a powdery material exhibiting an intrinsic viscosity of about 0.08 
and a To of about 226**C. The low intrinsic viscosity indicates the production of a low molecular weight polymer. 

EXAMPLE 5 



This example serves to illustrate the polymerization of mixtures of ^endo and exo NDI. 

Reaction vials were filled with mixtures of the endo and exo NDI dissolved in 40 ml of dichloroethane in the 
proportions reported in Table 1. Each via! was injected with 0.26 ml of the catalyst solution and 0.38 itti of the 
activator solution used in tlie Example 4. The vials were held at about 60** for about 18 hours. About 1 nrtl of 
methanol was added to each vial to stop the polymerization. The polymer products were precipitated In 
methanol, filtered, and dried in a 50** oven. (Both exo and endo NDI monomers are substantially soluble In 
methanol.) The yield of each polymerization reaction is reported in Table 1 together with the average molecular 
weight of the polymer. The results reported in Table 1 indicate that when high polymer yields and high 
molecular weight polymers of norbornene dicarboximides are desired it rs advantageous to provide the 
norbomene dicarboximide monomer in the exo stereo isomeric form at levels of greater than about 16 
percent. 
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Table 1 

Polymerization of Mixtures of Exo and Endo MP I 
Endo Isomer 



(wt. 

Monomer 


percent: ) 

Polymer 


Polymer 
Yield* 




17 


11 


87% 


30,100 


33 


19 


83% 


24,500 


50 


29 


63% 


20,000 


67 


28 


53% 


17,000 


83 


25 


16% 


6,500 



*Yield based on weight of recovered polymer to 
combined weight of isomers. 
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EXAMPLE 6 

This Example serves to Illustrate the processabllity and mechanical properties of polymers of the exo stereo 

isomeric form of NDI. . 

Poly(exo NDI) was prepared essentially as In Example 4 except that, prior to precipitating the polymer, 
antioxidants were added to facilitate processing. A solution of 3.4 g. of hindered phenol (Ethanox 330 from 
Ethyl Corp.) and 1.7 g. of tris nonyl phenyl phosphate (Polygard from Uniroyal, Inc.) in 100 ml. of ethanol and 
2O0 ml. of methylene chloride was added to the polymer solution to provide 1 Q/b Ethanox and O.SQ/o Polygard on 
a solids weight basis. Solvent was evaporated from the solution providing about 330 g. of poly (exo NDI). about 
970/0 yield. The polymer was extruded at 280** through a twin screw extruder and molded at about 590° into 
specimen bars that were used for mechanical property analysis. The results of tNs mechanical property 
analysis are reported in Table 2. The Notched izod Impact resistance was detennined on a 3 mm (1/8 inch) 
thick bar. 

Table 2 

Mechanical Properi:y Analysis of Poly( exo-iroi ) 

2 



Tensile Strength 
Tensile Modulus 
Elongation 
Flexural Strength 
Flexural Modulus 
Notched Izod Impact 



610 Kg/cm 
28,400 Kg/cm^ 
1.4% 

900 Kg/cm^ 
30,000 Kg/cm^ 
19 J/m 



(8700 psi) 
(404,000 psi) 
(1-4%) 

(12,800 psi) 
(426,000 psi) 
(0.35 ft- lb/in) 
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This Example serves to illustrate the preparation of a graft polymer of NDI onto a rubber substrate. 

1.2 grams of a block copolymer of styrene and butadiene (obtained from Phillips Petroleum Co. as Kraton® 
1 102) was dissolved in 42 ml of dichloroethane. To that solution was added 12 g of exo NDI monomar. 0.5 ml of 
the catalyst solution and 0.76 ml of the activator solution as used In Example 4. The resulting mbcture was 
stirred at 60** for 18 hours, then cooled. 12.5 g of graft copolymer, precipitated in methanol, exhibited a Tg of 5 
214.5'' and had a molecular weight (Mw) of 30,600). 

EXAMPLE 8 

10 

This Example serves to illustrate the preparation of a water soluble copolymer of exo NOI and exo NDA. 

Equimolar parts of exo NDI (2.4 g) and exo NDA (1 .64 g) were dissolved in 20 ml of dichlorethane and placed 
in a reaction vial with 0.2 ml of the catalyst solution and 0.31 ml of the activator solution as used in Example 4. 
The reaction mixture was maintained at ZO^'C for about 18 hours. Then about 2 ml of nr^ethanol was injected into 15 
the vial to stop the polymerization. The recovered reaction product was cast into a film from a solution in 
dimethyl sulfoxide. The film was soluble in 0.1 N aqueous sodium hydroxide solution. 

EXAMPLE 9 ^ 



This Example serves to illustrate the preparation of a copolymer of exo NDI and norbomene nitrile (NN). 

Exo NDI and NN were dissolved In dichloroethane in the molar ratios reported in Table 3. Vials of each 
mixture were injected with 0.13 ml of the catalyst solution and 0.2 ml of the activator solution utilized in 25 
Example 4. The reaction mixtures were held at about 65" for about 18 hours. The resulting polymers ware 
precipitated in methanol, filtered and dried at about 60*. The number average molecular weight (Mn) 
determined by gel permation chromatography and the glass transition temperature (Tg) determined by 
differential scanning calorimetry are reported in Table 3 for each of the resulting copolymers. 

30 

Table 3 
CQpolymers of NDI and NN 



m moles 





NDI 


NN 




!a 


A 


12.5 


0 


27,000 


221 


B 


12.5 


8.4 


28,000 


194 


C 


12.5 


16.8 


36,000 


185 


D 


12.5 


25.2 


45,000 


174 


E 


0 


25.2 




^130 



EXAMPLE 10 



This example serves to illustrate the preparation of a polymer of exo N-«hlorophenyl norbomene 
dicarboximide (NDl-CI). 

A solution of p-chloroaniline (68.8 g in 150 ml of toluene) was added dropwise to a solution of exo NDA (82 g 
in 150 ml of toluene) maintained at 60° C. The reaction mixture was held at 60* C for 1 hour, refluxed for 1 hour, 
cooled to room temperature and filtered to recover amic acid. The amic acid was mixed with 10 g of sodium "60 
acetate in 1 50 ml of acetic anhydride, refluxed for 90 minutes.-cooted, filtered, washed with water and dried in a 
vacuum oven to recover 89 g of exo NDI-CI. 

3 g of exo NDI-CI dispersed in 9 ml of 1i2-dichloroethane was polymerized by adding 0.13 ml of the-catalyst 
solution and 0.2 ml of the activator solution descriljed in Example 4. The reaction mixture was held at«5*C 
for 2 hours. The viscous reaction product was diluted with 10 ml of 1,2-dichloroethane, i^recipitated in S5 
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methanol, filtered and dried in a vacuum oven, yielding 2.5 g of polymer exhibiting a T, of^C and a M„ of 
about 22.000. 

EXAMPLE 11 

This example serves to illustrate the preparation of a copolymer of exo NDI and exo N-cyanophenyl 

~£o Sc^l^iSSrnrpoin^^^^ prepared from exo NDA and cyanoaniline essentially in the manner 

ofSprSU^tiontf'N^^^^ 1 2g of exo NDI. ^ 9 -° ^DI^N. 9 g of 1 2;^^^^^ 

o 13 ml of catahfst solution and 2 ml of activator solution were combined and reacted at 65 C for about 16 
SoL T?e rSSn ?S^t^s dSsolved In omc precipitated in methanol, filtered and dried .n a vacuum 
oven at 85° C. yielding a polymer with a Tg of 246''C. 

EXAMPLE 12 



20 ThlsexampleseivestoillustratetheeffeotofmolecularweightontheTflOfttiepolymersofexoN^^^ 

S^NSrSas polymerized essentially in the manner of Example 4 using 3 g of ^''o f;^? ^ "J 
1 .2^fchY^U^LiroT3 ml of catalyst sdution. 2 ml of activator solution and hexene-1 as a chain temrrtnator In 
the amount indicated in Table 4. 



25 



Table 4 





hexene-1 (ml ) 




T 


30 


0 


34,000 


215 




.0.04 


8,500 


198 




0.08 


6,450 


185 


3S 


0.16 


5,700 


177 




0.24 


4,600 


164 




0.48 


3,200 


142 


40 


0.64 


2,800 


133 



45 
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This comparative exmaple serves to illustrate prior art attempts to polymerize NDI with noble metal catalyst 

hew It 110^ forS hours with no >fcible change in the initial mixture. The mixture was added to 70) ml of 
Sanol J 1 g (JieldM^^^ materild. recovered from the ethanol, was analyzed by drfferent«l 

S^ig clioUefr;. which indicated a melting Po'nt at abotrt 195-C. Tl^Wn^ 

detemiined to be about 145°C; the melting point of exo NDI. about "^^^^^^^"'SSl Tte 0 1 

insoluble material (e.g. about 10^ of the initial exo NDI) Is predominately a mixture 

g. of insoluble material was further washed In ethanol providing several milligrams of matenal exhibiting aTg of 

aS°v?prooedure was repeated except that the lOg. of exo NDI was ^^^^jf^^^'^f"^^ 
mixture of endo and exo NDI (45«5). The recovered insoluble matenal -exhibited a melting point of about 

^^While specific embodiments of the invention have been described, it should be apparent to those skilled in 
the art thrvtSous modifications thereof can be made Without departs 

invention. Accordingly. It is intended that the following claims cover all -such modifications within the full 
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inventive concept. 

COMPARATIVE EXAMPLE B 

[ : — 5 

This example serves to illustrate a low heat prior art polymer of N-benzyl norbomene dicarboxide which Is 
reprted in French Brevet d'invention 1,694,934 (Example 15) as having a tg of 152** C. 

Essentially in the manner of Example 10. 3 g of exo N-benzyl norbomene dicarboximide, 6 ml of 
1,2-dichloroethane. 0.13 ml of catalyst solution, and" 0.2 ml of activator solution were reacted to produce a 10 
polymer having a Mn of about 10,000 and a Tg of 120°C. 

Claims 

1 . A polymer comprising norbomene dicarboximide units essentially of the formula 

20 

= CH 



25 



30 

Where R is phenyl or substituted phenyl; wherein said polymer has an number average molecular weight 
greater than about 6.000 and a Tg greater than about 200** C. 

2. Poly (N-phenyl norbomene dicarboximide) having a Tg greater than about 200** C. 

3. A copolymer of N-phenyl norbomene dicarboximide having a number average molecular weight, 
greater than about 8.000 and a To of at least 170° C. . . . ^ 

4. A method of preparing polymers having a Tg of at least 200** C comprising conducting the nng 
opening polymerization of N-R nortDomene dicarboximide monomer, wherein R is phenyl or substitutued 
phenyl and at least 16 percent of said units are exo stereoisomeric. 

5. A method according to claim 4 wherein at least 50 percent of said units are exo steroisomenc. ^ 
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